Introduction
A growing body of literature indicated that aggression can be observed during early infancy, in particular during the first year after birth, with a typical peak of aggression between the second and fourth years of life. These findings are consistent with infantile aggression assessments using parental reports (Alink et al., 2006; Hay et al., 2014; Tremblay et al., 2004 ) and a direct observation of peer interactions (Hay, Nash et al., 2011) . Aggression between approximately six months and three years after birth can be characterized by the use of physical force and expressions of anger directed at family members and peers . Furthermore, previous reviews have suggested that early infantile aggression is associated with hostile social cognitive biases and impaired self-regulation of behavior and emotions, which in turn potentially increase antisocial behavior during childhood or later in life (Shonkoff, Boyce, & McEwen, 2009; Tremblay, 2010) . However, to date, little is known about the risk factors associated with early infantile aggression.
It has been theorized that maternal, rather than paternal, factors exert greater influence on the emergence of infantile behaviors including aggression (Bowlby, 1988; Tremblay, 2010) . Among these maternal factors, studies have reported that postpartum depressive symptoms (PDS) might increase the risk of their progeny displaying aggression from childhood through adolescence (Barker, Copeland, Maughan, Jaffee, & Uher, 2012; Barker, Jaffee, Uher, & Maughan, 2011; Hay, Pawlby, Angold, Harold, & Sharp, 2003; O'Hara & McCabe, 2013) . Potential explanations for the association between maternal PDS and childhood aggression include poor parenting styles (e.g., unsatisfactory breastfeeding and undesirable sleep practices) and maternal attachment insecurity for their infants (Field, 2010; Jones, Cassidy, & Shaver, 2015; Murray & Cooper, 1997) . Therefore, it is highly possible that the children of mothers with PDS at four weeks after delivery display higher levels of aggression during early infancy.
Accumulating evidence suggests that individuals with behavioral characteristics that are similar to the autism spectrum disorder are more likely to develop depressive symptoms than those lacking such characteristics (Gerdts & Bernier, 2011; Ingersoll & Hambrick, 2011; Sucksmith, Roth, & Hoekstra, 2011) . One study also reported that mothers with deficient in reciprocal social behavior, as indicated by higher scores on the Broader Phenotype Autism Symptoms Scale (BPASS) (Dawson et al., 2007) , were associated with an increase of PDS (Asano et al., 2014) . Constantino et al. (Constantino, Przybeck, Friesen, & Todd, 2000; have defined problems in reciprocal social behavior as a lack of capacity to engage in emotionally appropriate, mutual, social interaction with others. This definition suggests that the BPASS could be regarded as a valid measure for assessing problems in reciprocal social behavior. Problems in reciprocal social behavior are widely distributed throughout the general population, with a moderate to high link with inheritance (Constantino & Todd, 2003) . Moreover, problems with reciprocal social behavior are known to be moderately correlated with various behavioral problems, such as anxiety, depressive symptoms, and delinquent and aggressive behavior . Therefore, we decided to investigate whether mothers with problems in reciprocal social behavior tended to have children that showed higher levels of aggression during early infancy.
Two lines of evidence have led to the assumption that maternal problems in reciprocal social behavior might play an important role in infantile aggression, possibly as a result of the influence of maternal PDS. Maternal problems in reciprocal social behavior might be directly associated with an increase of aggression in children. Maternal problems in reciprocal social behavior could also create a risk factor per se for children developing problems in reciprocal social behavior and subsequently be related to aggressive acts and behavioral problems Constantino & Todd, 2003) . However, to our best knowledge, there are no reported studies that have addressed these issues to date. This study was designed to investigate whether maternal problems in reciprocal social behavior were predictive of higher levels of early infantile aggression and if this association could be explained by maternal PDS.
Using data from a Japanese birth cohort, the current study tested whether maternal problems in reciprocal social behavior were associated with increased infantile aggression at 18 months of age, and whether maternal PDS mediated the association between maternal problems in reciprocal social behavior and infantile aggression.
Methods

Procedure
This study was conducted as a part of an ongoing cohort study in Hamamatsu city in the mainland of Japan, known as the "Hamamatsu Birth Cohort for Mothers and Children (HBC Study)" (Takagai et al., in press; Tsuchiya et al., 2010) . Prior to the commencement of the HBC Study, the participating women were given a complete description of the study protocol, and all of them provided written informed consent for her own participation and her infant participation as the infant's legal surrogate. The face-to-face interviews and direct assessments took place in examination rooms situated at our two research sites, including the Hamamatsu University Hospital and Kato Maternity Clinic, during the second trimester of pregnancy, and from 1 to 96 months after delivery. We had previously established that participating women were representative of Japanese mothers in terms of age, socioeconomic status, history of major depressive disorders, and parity, and that the children were representative of Japanese children in birth weight and gestational age (Takagai et al., in press; Tsuchiya et al., 2010) .
Hamamatsu University School of Medicine and the University Hospital Ethics Committee approved the protocol of the HBC Study (22) (23) (24) (25) (26) (27) (28) (29) .
Participants
We recruited pregnant women that were expecting to give birth in the two research sites who gave birth between December 2007 and March 2011 (N = 1202 . Fifty-four mothers that enrolled in the study more than once because of subsequent births, and 13 mothers that delivered twins were excluded from the following analyses in order to avoid violations of the assumption of independence of each infant. In addition, 423 children were not measured infantile aggression at 18 months of age due to poor health, residential move, or death. Therefore, 769 mothers and their 18-month-old infants were included in the analyses.
Measures
Maternal problems in reciprocal social behavior were assessed during mid-pregnancy using the BPASS (Dawson et al., 2007) , which is a measure of behavioral and cognitive characteristics comprising 11 items. The BPASS assesses four domains: the social motivation domain (assessed by two items; e.g., "How comfortable or uncomfortable are you in social situations?"); the expressiveness domain (assessed by four items; e.g., "Observe participant's eye contact both when listening and speaking or playing with examiner"); the conversational skills domain (assessed by two items; e.g., "Observe whether and how frequently the participant offers/asks for excessive detail in conversation"); and the flexibility/range of interests domain (assessed by three items; e.g., "Do you like to have a certain amount of predictability and routine day by day?"). The BPASS has been translated into Japanese and validated (Asano et al., 2014) . Trained interviewers administered the face-to-face interviews to the participating women and rated the degree to which each statement applied to each woman (using scales between 1 -5, 1 -4, or 1 -3 depending on the item). Ratings were summed to yield a total score that reflected problems in reciprocal social behavior of each mother. Higher scores represent more problems in reciprocal social behavior.
Maternal PDS was assessed four weeks after childbirth using the Edinburgh Postnatal Depression Scale (EPDS) (Cox & Holden, 2003) , which is a well-validated measure of depressive symptoms comprising 10 items. Mothers were asked to complete the self-report questionnaires in their homes, and return it to our research center by post. Examples of items in the EPDS include "I have blamed myself unnecessarily when things went wrong," "I have felt scared or panicky for no very good reason," and "I have been so unhappy that I have been crying." The participating mothers reported the degree to which each statement applied to them using a scale between 0 -3. Responses were summed to calculate the PDS scores of each mother. Higher scores represent higher levels of PDS.
Infantile aggression was assessed at 18 months of age using the Cardiff Infant Contentiousness Scale (CICS) , which is a measure of the use of physical force and expressions of anger toward family members and peers during infancy comprising 4 items. The CICS included four items: "hits out," "bites," "has angry moods," and "has temper tantrums." Trained interviewers administered the face-to-face interviews to the participating mothers and rated the degree to which each statement applied to the infants using a scale between 0 = absent and 2 = definitely present. Ratings were summed to yield the infantile aggression scores of each 18-month-old infant. Higher scores represent higher levels of infantile aggression.
Previous studies have indicated that the following covariates, had been assessed in the HBC Study, are associated with early infantile aggression (Alink et al., 2006; Hay, Mundy et al., 2011; Tremblay et al., 2004) : (a) maternal age, (b) paternal age, (c) maternal years of education, (d) paternal years of education, (e) marital status of the mother during early pregnancy, (f) annual household income, (g) maternal history of depression and/or anxiety disorders, and (h) infant gender. As with past research (Asano et al., 2014; Matsumoto et al., 2011; Mori et al., 2011) , trained interviewers confirmed the history of depression and/or anxiety disorders of mothers using the Structured Clinical Interview for DSM-IV Axis I Disorders (First, Spitzer, Gibbon, & Williams, 1997) . We assessed all covariates during the second trimester of the index pregnancy, with the exception of the infant gender. Demographic characteristics are presented in Table 1 .
Data Analysis
First, we calculated descriptive statistics related to maternal problems in reciprocal social behavior, maternal PDS, and infantile aggression. We also examined correlations among the assessed variables. Stata 14.0 (StataCorp, 2015) and R 3.0.2 (R Core Team, 2014) were used for these preliminary analyses.
Next, we performed mediation analysis using structural equation modeling (SEM) with the maximum likelihood estimation to test our hypothetical model which stated that maternal problems in reciprocal social behavior were directly, and indirectly via maternal PDS, were associated with infantile aggression at 18 months of age (Figure 1) , even after controlling for covariates. Mediation analysis is a statistical method to test underlying mechanisms through which a predictor affects an outcome by estimating direct and indirect effects (Cheong & MacKinnon, 2012; Hayes, 2013) . The direct effect represents the effect of the predictor on the outcome, whereas the indirect effect represents the effect of the predictor on the outcome via mediators. We first examined whether maternal problems in the reciprocal social behavior influenced infantile aggression at 18 months of age, irrespective of maternal PDS (i.e., total effect; see top of Figure 1) . Then, we examined whether maternal problems in reciprocal social behavior directly or indirectly influenced infantile aggression at 18 months of age by including maternal PDS into the model (see bottom of Figure 1 ). The significance of indirect effect was tested using 95% bias-corrected bootstrap confidence interval (CI) with the number of resampling set to 1000 (Preacher & Hayes, 2008) . Mplus 7.3 (Muthén & Muthén, 1998 was used for the mediation analysis.
In addition, we performed a supplemental analysis to rule out the possibility that paternal problems in reciprocal social behavior, which were assessed during mid-pregnancy, simultaneously with maternal problems in reciprocal social behavior, increased the risk for infantile aggression at 18 months of age. Table 2 shows descriptive statistics for the three major variables: maternal problems in reciprocal social behavior during mid-pregnancy, maternal PDS at four weeks after childbirth, and infantile aggression at 18 months of age. Because means and standard deviations of maternal PDS and infantile aggression showed floor effects, we considered these variables as non-normal distribution in the following analyses. Table 3 represents the correlations among the assessed variables. We calculated Spearman's rank-order correlations due to floor effects in maternal PDS and infantile aggression. As seen in Table 3 , maternal problems in reciprocal social behavior were positively correlated with maternal PDS (ρ = 0.119, p = 0.002) and infantile aggression (ρ = 0.078, p = 0.020), indicating that mothers with higher scores for problems in reciprocal social Note: Problems in reciprocal social behavior were assessed using scores on the Broader Phenotype Autism Symptoms Scale.
Results
Preliminary Analyses
behavior reported higher levels of PDS and had children with higher levels of infantile aggression. In addition, maternal PDS was positively correlated with infantile aggression (ρ = 0.099, p = 0.009), suggesting that mothers that were higher PDS had children with higher levels of infantile aggression.
Maternal Problems in Reciprocal Social Behavior, Maternal PDS, and Infantile Aggression
As shown in the top of Figure 1 , we developed the SEM to investigate the effect of maternal problems in reciprocal social behavior on infantile aggression at 18 months of age. Because maternal PDS and infantile aggression showed non-normality, we applied a censored normal model that does not require the normality assumption and yields robust estimates (Nagin & Tremblay, 1999; Wang & Zhang, 2011) , although model fit indices (e.g., the comparative fit index and root mean square error of approximation) were not calculated. The results demonstrated that maternal problems in reciprocal social behavior was positively associated with infantile aggression (estimate = 0.123, 95% CI [0.032, 0.215]), after controlling for covariates including maternal age, paternal age, maternal years of education, paternal years of education, marital status, annual household income, maternal history of depression and/or anxiety disorders, and infant gender (Table 4) . Therefore, it was suggested that mothers with problems in reciprocal social behavior had 18-month-old infants with higher levels of aggression.
Next, we conducted a mediation analysis using the SEM to test whether the association between maternal problems in reciprocal social behavior and infantile aggression at 18 months of age could be explained by maternal PDS (the bottom of Figure 1) . The results indicated that (a) maternal PDS was positively associated with infantile aggression, and (b) maternal problems in reciprocal social behavior were positively associated with maternal PDS, even after controlling for all covariates ( Table 5) . SEM indicated that maternal PDS mediated the association between maternal problems in reciprocal social behavior and infantile aggression because 95% bias-corrected bootstrap CI for the product of unstandardized coefficients (a) and (b) was greater than zero (estimate = 0.027, 95% CI [0.010, 0.054]). In addition, the direct association between maternal problems in reciprocal social behavior and infantile aggression remained statistically significant (estimate = 0.100, 95% CI [0.011, 0.186]). In summary, as expected, maternal problems in reciprocal social behavior increased aggression in 18-month-old infants, with maternal PDS partially accounting for the association.
Supplemental Analysis
We re-ran mediation analysis using the SEM to examine whether paternal problems in reciprocal social behavior were associated with aggression at 18 months of age via maternal PDS. The results demonstrated that paternal Note: The reference value for annual household income is ≥8 million yen. Problems in reciprocal social behavior were assessed using scores on the Broader Phenotype Autism Symptoms Scale. Note: Reference of annual household income is ≥8 million yen. Problems in reciprocal social behavior were assessed using scores on the Broader Phenotype Autism Symptoms Scale.
problems in reciprocal social behavior were neither directly (estimate = −0.030, 95% CI [−0.110, 0.041]) nor indirectly associated with infantile aggression through the mediation of the maternal PDS (estimate = 0.010, 95% CI [−0.001, 0.028]; table not shown). Therefore, fathers with problems in reciprocal social behavior did not have 18-month-old infants with higher levels of aggression.
Discussion
This study investigated the influence of maternal problems in reciprocal social behavior and PDS on infantile aggression at 18 months of age using a birth cohort in Japan. We focused on whether maternal problems in reciprocal social behavior increase the likelihood of infantile aggression and whether the association was mediated by maternal PDS after controlling for potential covariates. Our analysis supported both hypotheses and suggested that there are two separate processes influencing the development of early infantile aggression. The first is a direct pathway leading from maternal problems in reciprocal social behavior to infantile aggression; the other is an indirect pathway stemming from maternal problems in reciprocal social behavior to infantile aggression via maternal PDS. We found a direct pathway between maternal problems in reciprocal social behavior and infantile aggression at 18 months of age. Maternal characteristics are transmitted between generations during the prenatal development of an infant's brain, which is known to result in failures in emotion and behavior regulation, including ag-gression (Tremblay, 2010) . These characteristics include problems in reciprocal social behavior, such as lower degree of social motivation and communication skills Matson & Adams, 2014) . To our knowledge, this is the first investigation showing that maternal problems in reciprocal social behavior can predict the risk of developing aggression during early infancy.
In addition, we identified an indirect pathway between maternal problems in reciprocal social behavior and infantile aggression at 18 months of age via maternal PDS. The results supported past studies reporting that mothers exhibiting problems in reciprocal social behavior have higher levels of PDS after childbirth (Asano et al., 2014) as well as studies suggesting that mothers with PDS tend to engage in poor parenting styles (Field, 2010) . However, maternal mediators other than PDS, including maternal prepartum depressive symptoms, could also explain the direct pathway that we observed. Past studies have reported that maternal prepartum depressive symptoms are a consistent predictor of their children exhibiting aggression and other behavioral problems (Hay, Mundy et al., 2011; Hay, Pawlby, Waters, Perra, & Sharp, 2010) , even after controlling for maternal PDS (Waters, Hay, Simmonds, & van Goozen, 2014) . We did not assess prepartum depressive symptoms using the EPDS, and thus this possibility cannot be ruled out by this study. However, our study design controlled for a maternal history of depression and/or anxiety disorders using a structured interview based on DSM criteria which are more stringent in detecting depressive symptoms than self-report scales such as the EPDS. Therefore, we can assume that an indirect pathway via maternal depressive symptoms during pregnancy did not affect the direct pathway. Another possible mediator of the direct effect is problems in reciprocal social behavior of the infant. Some studies have indicated that problems in reciprocal social behavior are associated with aggression and can be transmitted from parents to offspring . Thus, infants of mothers having problems in reciprocal social behavior may be likely to show more prominent problems in reciprocal social behavior, which in turn causes aggression towards others. These factors are important issues to be addressed in future studies.
There are a number of risk factors that are predictive of aggression among early infants, such as lower parental age, unmarried status, lower income, and infant male gender (Hay, Mundy et al., 2011; Tremblay et al., 2004) . Interestingly, however, inclusion or exclusion of these known risk factors did not change the key findings that we reported, because the predictive values of the direct and indirect pathways leading from maternal problems in reciprocal social behavior to infantile aggression remained statistically significant even after controlling for such risk factors. Therefore, the results suggest that maternal problems in reciprocal social behavior directly and indirectly increase in infantile aggression, independent of other known risk factors. Nevertheless, great caution is advised when interpreting the results and conducting clinical interventions based on this study because the observed effects were limited.
As has been suggested in the literature, maternal rather than paternal behaviors generally have a greater influence on the development of children's behaviors (Bowlby, 1988; Tremblay, 2010; Tremblay et al., 2004) . Consistent with past research, our additional analysis demonstrated that paternal problems in reciprocal social behavior were neither directly nor indirectly associated with infantile aggression. Indeed, there are no reports of an association between early infantile aggression and paternal behavioral or cognitive characteristics.
There are several limitations to the current study that are important to recognize. First, the sample size was modest, and the majority of participants (91%) were Japanese. Nevertheless, the generalizability of the results might not be a serious concern because of the high consent rate for enrollment (>80%) and the low attrition rate 24 months after childbirth in the HBC Study (<10%) (Takagai et al., in press ). Second, recall bias could not be completely eliminated because a self-report measure was used to assess maternal PDS. However, the EPDS is the most frequently used scale for measuring PDS, and past studies demonstrated the EPDS sensitivity and specificity in evaluating patients for major depressive disorders (Cox & Holden, 2003) , including the Japanese version of the EPDS (Yamashita, Yoshida, Nakano, & Tashiro, 2000) . Third, we did not collect information pertaining to attachment between the participating mothers and their infants, which leaves room for an explanation of mother-child attachment regarding a direct pathway from maternal problems in reciprocal social behavior to early infantile aggression. Fourth, we could not establish causality, namely whether maternal problems in reciprocal social behavior during pregnancy actually caused changes in maternal PDS 4 weeks after childbirth, which in turn caused changes in the infantile aggression at 18 months of age.
Despite these limitations, the results of this study based on a sample of the Japanese general population suggest that there are two pathways leading to the emergence of infantile aggression at 18 months of age. Moreover, the association between maternal problems in reciprocal social behavior and infantile aggression that we re-ported is considered to be highly reliable because these variables were assessed during the face-to-face interviews using a longitudinal study design.
Conclusion
In summary, the current study suggests that maternal problems in reciprocal social behavior assessed during their pregnancy might be a risk factor for infantile aggression at 18 months of age. Moreover, this association was partly accounted for by maternal PDS at four weeks after childbirth.
